This study was carried out to determine the characteristics of the marine environment, including nutritional content, in order to clearly understand the outbreaks of Gonyaulax polygramma in the southern coastal areas in August, 2009. Samples were collected at 13 sites and water temperature and salinity were measured using a CTD. Field surveys were twice: the first between August 5-7, the second between August 22-24. The cell density of G. polygramma was 6,500-10,000 cells ml -1 during the 1 st survey, whereas during the 2 nd survey the range of the cells was recorded from 8,000
Introduction
The southern coasts of Korea cover relatively a large landmass and offer a wide avenue for exchange with oceanic waters and freshwater runoff from the rivers. Furthermore, a large volume of freshwater meets the sea during the summer, which causes variability in salinity in the horizontal and vertical planes. In particular, annual outbreaks of Cochlodinium polykrikoides occurred along the southern coasts reports of fish and shellfish death caused by Gonyaulax red tide (www.nfrdi.go.kr). Cho (2005) reported that the outbreak of Gonyaulax red tide was first occurred in Yeosu in the early of August, 2004, which 
Materials and methods
Samples were collected at 13 sites ( Fig. 1) . Sea water temperature and salinity were measured using a CTD (Sea Bird 19) between August 5-7 and August [22] [23] [24] 2009 . Samples for nutrients were obtained from surface and bottom waters. Concentrations of dissolved inorganic nutrients (NH4-N, NO3-N, NO2-N, and PO4-P), which passed through Whatman GF/F glass fiber filters, were determined as described by Cho (2010) . Chlorophyll-a was filtered on Whatman GF/F glass fiber filters and the filters were extracted in 90% acetone and measured on a UV-VIS spectrophotometer (Perkin Elmer, LS50B). Samples for nutrient analysis were stored at -20 o C until required and the tests were possibly conducted within several days after they arrived in the laboratory.
Samples for phytoplankton counting were fixed with Lugol's solution and counted on Sedgwick-Rafter under the light microscope (Olympus, BX50).
Irradiance, precipitation and wind speed were provided from Korea Meteorological Administration (www.kma.go.kr).
Results and Discussion

Phytoplankton
During 1 st survey, cell density of G. polygramma was from 6,500 to 10,000 cells ml
, whereas the 2 nd survey they ranged from 8,000 to 12,500 cells ml (Anderson, 1994) . and formed a strong cold water mass at the bottom.
Water environment
Also, the inner coasts of Yeosu and Goheung observed a vertical stratification of water, but weak stratified water was found compared with the water farther off the coast in their regions (Hallegraeff, 1995) . In general, a high solar radiation, a weak wind speed and intrusion of saline oceanic water all play an important role in forming the stratification of water. The main reason why the stratification has not been observed at the stations 3 and 10 during the 2 nd survey is that these two stations have a shallow water depth and are easily influenced by the actions of ebb and flow (Shimpson and Bowers, 1981) . 3.3. Nutrients Table 1 , which was similar to that of Goheung and The ratio of N:P was decreased and the ratio of Si:N was increased in the 2 nd survey. Consequently, G.
polygramma for the formation and maintenance of red tide is directly driven by changes in DIN.
As shown in Fig. 4 survey, but DIP seemed to be in higher concentrations in the 2 nd compared with the 1 st survey (Table 1- significantly faster growth rate with under higher salinity levels of above 33, and grows of slowly in salinity of below 32 (Lee and Kim, 2008) . According to this study, water temperature is optimal to grow C. polykrikoides, but lower salinity in this study plays an important role in inhibiting rapid growth of C. polykrikoides. Consequently, the persistence of a small number of C. polykrikoides during the field study is directly caused by lower salinity on the surface. In particular, the duration of lower salinity has been extended and extremely impeded in growth of C. polykrikoides. On the other hand, the species of Gonyaulax and Alexandrium grow rapidly under lower salinity compared to C. polykrikoies (Moestru and Hansen, 1988; Steidinger and Tangen, 1996) . for triggering the blooms. These current result correspond well with previous report (Cho, 2005) .
Conclusion
The main reason why the massive blooms of G. polygramma occurred in the southern coastal water for a month is as followed: First, the duration of lower salinity persisted, and created an environment more conductive to the rapid grown of G. polygramma 
